In a previous communication, Tajima et al. (1957) described how viruses of the psittacosislymphogranuloma group seem to have two different modes of multiplication in their developmental cycle. One is analogous to the intracellular development of pox viruses described by Morgan et al. (1954) and Tajima and Kubota (1956) . In this mode, a pre-existing component of viral structure, the matrix, appears first in the cytoplasm of host cells; in the next stage, incomplete limiting membranes develop in the periphery of the matrix by condensation of fine, granular material to transform into the incomplete forms; the limiting membranes begin to enclose some portions of the matrix progressively, and finally the large forms are produced. The other mode of multiplication is one in which smaller forms increase in number as the result of segmentation of larger forms caused by constriction of the limiting membrane.
Since the interesting observation made by Gardner (1940) , it has been noted by many others (Smith and Hay, 1942;  Weiss, 1943; Alture-Werber et al., 1945; Fisher, 1946; Shanahan et al., 1947; Nitzschke and Strauch, 1957; Zapf, 1957 ) that penicillin, in certain concentrations, arrests normal division of bacteria without necessarily interfering with their growth. This leads to the production of giant forms in the inhibited cells, and finally the bacteria undergo lysis. With regard to the viruses belonging to the psittacosis-lymphogranuloma group, Weiss (1950) , in his histological investigation, made an interesting observation. The virus particles of feline and murine pneumonitis in the presence of penicillin did not divide, but rather developed large, irregularly shaped, vacuolated plaques. Hurst et al. (1953) From the observations of previous workers, it would seem that the morphological effect of penicillin upon various viral forms, including the matrix could be investigated with the electron microscope. The developmental cycle of meningopneumonitis virus would then be understood. The results of experiments performed along these lines are described in the present paper.
MATERIALS AND METHODS
Virus and penicillin. The Cal 10 strain of meningopneumonitis virus was used (Tajima et al., 1957) , and the 11th allantoic passage employed. The source of virus was pooled, allantoic fluids, which gave an LD5o titer of 107-4 in 7-dayold chick embryos by yolk-sac inoculation.
Crystalline penicillin G sodium, manufactured by Meiji Seika Co., Ltd., Tokyo, was used in all of the experiments.
Inoculation. Eleven-day-old White Leghorn chick embryos were employed for inoculation. In the penicillin-treated group, inoculation was made intra-allantoically with a dose of 0.2 ml of 2-fold broth dilution of infected allantoic fluid to which 4000 units of penicillin had been added. The control group was composed of eggs which received the same inoculum but no penicillin. The inoculated eggs were incubated at 35.5 C.
Electron microscopy. At various intervals after inoculation small pieces were excised from the amnion-allantois of 3 eggs in both the treated and control groups. The excised pieces were fixed in osmium tetroxide, dehydrated in alcohols, embedded in methacrylate, and sectioned in the same manner as described previously (Taj ima et al., 1957) .
Light microscopy. Histological examination was conducted to estimate the incidence of inclusions in the embryonic membranes, and to facilitate the interpretation of electron micrographs. Specimens were collected from the same tissues at the time of harvesting of materials for electron 23 TAJIMA, SAMEJIMA, AND NOMURA microscopy. The tissue blocks were fixed in Zenker's acetic acid fluid, embedded in paraffin, sectioned at 5 ,u, and stained by Giemsa's method.
RESULTS
Untreated controls. The normal process of development of this virus has been described in detail (Tajima et al., 1957 368 and 231 m,u, respectively, began to appear in inclusions observed in 30-hr sections (figure 2). As shown in figures 2 and 3, the incomplete and large forms appeared frequently to be in the process of segmentation by the constriction of their limiting membranes. Thereafter, the number of inclusions, and of viral forms per inclusion, increased rapidly. In specimens collected 3 days after inoculation or later, inclusions in various phases of development were observed (figure 3).
Treated eggs. As observed in the controls, the matrices were first detectable in 22-hr specimens. They did not differ in incidence and nature from those observed in the controls; but they were observed frequently in irregular shapes and in larger sizes. This suggested that there was an interference with segmentation into masses (figures 4 and 5). Figure 6 shows the inclusion in 24-hr section. The matrices have limiting membranes in their periphery, and are markedly larger in size than the corresponding structures of the controls. Abnormally large incomplete forms such as that present in the right upper part of an inclusion shown in figure 6, which measures approximately 1785 by 2910 m,u, were also observed frequently in other sections. Figure 7 , taken from 26-hr specimens, shows incomplete and large forms, markedly irregular in shape and abnormally large in size. Incomplete forms in which the limiting membrane appeared to have been exfoliated from the viroplasm, and those which contained a few irregularly shaped, electron dense granules with a minor axis of about 200 m,u, were not infrequently observed (figure 8).
In specimens harvested 30 hr or more after inoculation, the abnormality of viral forms was more conspicuous. Figure 9 shows that in addition to many irregularly shaped incomplete and large forms, particles comparable to intermediate forms of the controls began to appear at 30 hr, but their inner structures were generally irregular in shape. A few forms, as seen near the upper right corner of figure 9, were similar to elementary bodies in size, but differed in that the viroplasm was less electron dense and that no inner structure could be seen. Figure 10 shows an abnormally large form measuring about 4265 by 5853 m,u. Such giant forms were often encountered in specimens collected 30 hr or more after inoculation and appeared to have transformed from abnormally large incomplete forms, as shown in figure 6 , by completion of the limiting membrane. The 40-hr inclusion shown in figure 11 contains some forms which correspond to elementary bodies in morphology, together with the various aberrant forms. Many particulate and vesicular elements ranging from 100 to 250 m,u in diameter were also present. In some specimens examined at the same time, abnormal forms appeared to be in various stages of disintegration. Forms considered to have been released from disrupted host cells into extracellular space were also observed (figure 12).
Inclusions observed in 2-day preparations generally increased in size and contained many abnormal forms. Several giant forms (figure 13) contained multiple, dense granules with a diameter of approximately 100 mA and a few contained a vacuole. Although some elongated and constricted forms suggest segmentation, neither typical elementary bodies nor intermediate forms are seen. On the other hand, many small particulate and vesicular elements, similar to those observed in figure 11, are scattered throughout the inclusions. Their smaller size and lesser density make it possible to differentiate them from elementary bodies. The origin of these elements cannot be fully demonstrated. It is probable that some have developed by abnormal segmentation and others have been derived from various viral forms by disintegration. The diameters of some elements and the budlike protrusion of certain segmented forms are of almost the same order of magnitude and other elements are similar in size and density to granules contained in larger viral forms. Near the lower margin of an inclusion on the left side lies another interesting structure (marked with an arrow), in which three smaller forms appear to have arisen within a large circle. Such a structure was encountered in other sections on rare occasions. Various, bizarre forms, possibly in the process of faulty development, were frequently observed 2 days or more after inoculation. Some were giant forms with one or more large vacuoles ( figure 14) ; some had pseudopod-like protrusions suggesting segmentation (figure 15), and others presented irregular, complex shapes (figure 16).
By comparison with the controls, young inclusions containing matrices and incomplete forms were seldom seen in the treated group in later stages of infection. It was noteworthy that despite the predominance of viral forms possessing the typical morphology of the large form in most inclusions, only a small number of those forms exhibited segmentation (figure 18). Inclusions tended to decrease in number in 4-day specimens as compared with 3-and 2-day specimens. In addition to inclusions containing various aberrant forms as described above, inclusions which appeared to be in advanced stages of injury were frequently encountered as can be seen in figures 17 and 19. It has been demonstrated by Parker and Diefendorf (1944) and Hamre and Rake (1947) that the effective concentration of penicillin injected into embryonated eggs decreases at a certain rate. Taking into consideration such destruction in, or elimination from, the allantoic fluid of penicillin, an additional experiment was set up. In this, 4000 units of penicillin per egg were given 2 days after the initial inoculation of the mixture of the virus and penicillin as described under Materials and Methods; the amnionallantois was harvested 2 days after reinjection of penicillin. The results of this experiment were essentially similar to those described for 4-day specimens (figure 20).
DISCUSSION
The results obtained from observationis on the penicillin-untreated controls are in close agreement with those previously described (Tajima et al., 1957) on the normal development of the same virus. The main exception was that the matrix was detected 2 hr earlier (22 hr after inoculation), probably as a result of examining at shorter intervals.
The morphological effects of penicillin on the developmental forms of meningopneumonitis virus described in the present paper are, in part, in line with those disclosed from the routine histological studies by Weiss (1950) and Hurst et al. (1953) on the other members of the psittacosis-lymphogranuloma group. In their studies, penicillin was administered 4 and 3 days and 2 hr after inoculation of feline pneumonitis, murine pneumonitis, and lymphogranuloma venereum viruses, respectively, whereas in our studies the antibiotic was injected together with the virus. Under such experimental conditions, the matrix began to appear in the cytoplasm of host cells at the same time and with almost the same incidence as in the controls. It seems from these observations that the matrix formation is not influenced by the dose of penicillin used.
In the next stage of development, however, the effect of penicillin was quite obvious. There were many large, irregularly shaped, incomplete forms which were transformed into giant or bizarre forms. Segmentation was interfered with considerably in these forms. Consequently, even in advanced stages of infection, viral forms, especially intermediate forms and elementary bodies, contained in an inclusion, were only a few in comparison with the controls. Such interfering effects of penicillin would be comparable to those described for bacteria. Thus, on the basis of the morphological effects of penicillin, those stages of viral development which were closely related with the segmentation were clearly distinguished from the earliest stage of development when the matrix was formed.
It should be noted, however, that despite administration of the large dose of penicillin, a small number of elementary bodies and a fairly large number of particulate and vesicular elements, which were considered in part to have originated from abnormal segmentation, were produced in later stages of infection. Rarely observed structures in which some smaller forms appeared to form within the large circles reminded the authors of the multiple endosporulation inferred by Gaylord (1954) 
